Concern over loss of old-aged forests is common throughout North America (Leverett 1996
2 E-mail: ian.thompson@nrcan.gc.ca in age class 60-79 years as second-growth forests (i.e., regrowth following logging). Within a decade, much of the >80-year age class will either be harvested or die, because balsam fir is a short-lived species. The relatively small area of forest in the current 60-79-year age class, that will become the next old-growth forest, coupled with ongoing harvesting of this age class, will result in considerably less old forest within 10-20 years. Harvesting some of the next 60-79-year age class (now 40-59 yr old) for pulpwood is also inevitable over the next decade, particularly since many of these stands were pre-commercially thinned to enable more rapid growth than in self-thinning stands. Some <80-year-old stands are already being harvested because of their accessibility and high rates of regrowth on productive forest sites. Haney and Schaadt (1996) noted that the truncation of forest age rarely is discussed with respect to wildlife responses, but a rotation age of 60 years for balsam fir forests may have negative consequences for sustaining biological diversity. Thompson and Curran (1995) showed that there were differences in the mammalian communities between >80-year-old uncut and 60-79-year-old second-growth stands in Newfoundland, with marten (Martes americana) and field voles (Microtus pennsylvanicus) only found in the old forests. Newfoundland's balsam fir forests differ from most boreal forest types because they do not require fire to naturally regenerate. These ecosystems do not undergo dramatically different successional stages (i.e., in terms of species composition) following logging (Bakuzis and Hansen 1965). Instead, forests of all ages are dominated by balsam fir at decreasing densities with age, ranging from >20,000 stems/ha as shrubs, to older stands of approximately 2,000 stems/ha (Meades and Moores 1989, Thompson and Curran 1995). Balsam fir stands are shortlived and the old-growth stage may only last 20-30 years, and trees >100 years are exceptional.
Cavity-nesters are a group of species that may be especially affected by a decline in the oldest age classes of forest, because it is these stands that maintain high densities of large snags (Thomas et al 
METHODS

Stand Selection
We chose stands based on age and dominant tree species as determined from forest resource inventory mapping and industrial cutting records. Forest resource inventory procedures define a forest stand as being sufficiently uniform in age, species composition, and site type that it can be distinguished from adjacent stands. Our 30 stands were randomly selected, but choice was constrained by several criteria (see below) and stand accessibility. We pooled stands ranging in age from 40-47 years since logging into age class 40 (n = 10); those stands 52-73 years since logging were our age class 60 (n = 10); and uncut stands, ranging from 77-87 years old, were our age class 80 (n = 10). We based stand ages on the mean of 20 randomly sampled dominant trees per stand. To eliminate possible area effects, selected stands were part of larger forest complexes of a minimum size of 3 km2, and not fragments isolated by edges of recently logged stands. However, one edge of most stands was adjacent to a road. It was important that our samples were taken from continuous forests because some woodpecker species have large home ranges (e.g., reported black-backed woodpecker home ranges are 72-328 ha [Winkler et al. 1995]). Our uncut stands near Little Grand Lake were distinctly separated by lakes and bogs, but were necessarily located within a radius of a few kilometers of each other as this was the only remaining uncut forest on our study area. 
Stand Characterization
Surveys for Woodpeckers
We assumed that where woodpecker density was highest, there must be some quality of habitat that is beneficial to woodpecker populations (Anderson and Gutzwiller 1994). However, we concur with Van Horme (1983) that unless productivity is measured, the value of selected habitats to fitness cannot be certain.
Each of our 30 stands contained 5 survey points located 200 m apart to avoid counting the same birds more than once. To ensure that all birds heard drumming or calling were within the stand being measured, all points were >100 m from stand edges. We surveyed each stand twice during a 6-week period from 27 May to 7 In 1991-92, we recorded woodpeckers heard or seen during a 10 min period. In 1993-94, the first 2 min of the 10-min survey were spent listening for birds. After the initial 2 min, we broadcasted woodpecker calls using a durable and compact monaural tape system with a 35 dB signal to noise ratio, and amplified through speakers with a frequency range of 150-15,000 Hz. Each call was broadcast for 1-min intervals, with 1 min of silence between each call to allow the observer to record responses. During call broadcasting, we continuously scanned for woodpeckers. While there are identifiable differences in the drumming and calling of the different species of woodpeckers (Short 1982, Ellison 1992, Kaufman 1993), we relied on visual identification for confirmation of species and sex. We did not conduct surveys during periods of strong winds (>20 km/hr) or heavy rain, because these conditions may have affected observer performance or bird behavior (Dawson 1981). 
RESULTS
We found differences in several habitat variables among the 3 ages of forest (Table 1) , despite their similar appearance and tree heights. The oldest stands were distinguished from either of the younger mature age classes by their We observed no differences in number of birds detected for any species between 1991 and 1992 using the point-count method, or between 1993 and 1994 using the call broadcast point-count method (Table 2 ; downy woodpecker ANOVA, P > 0.80; hairy woodpecker and black-backed woodpecker, P > 0.90 in 1991-92). We recorded neither of the latter species in 1994. We detected no difference between the 2 survey methods in numbers of hairy woodpeckers recorded (U = 857.5, P = 0.402) or black-backed woodpeckers (U = 964.0, P = 0.439; with or without the zero counts from 1994). Therefore, numbers of those 2 species were compared among forest age classes for all years. However, there was a greater number of downy woodpeckers that responded to call broadcasts compared to those recorded by point counts alone (F1, 29 = 6.28, P = 0.023; Table 2 ). Therefore for this species, we tested response to forest age class separately for each pair of years.
We found that black-backed woodpeckers were uncommon in all balsam fir age classes and were absent from the study area in 1994 (Tables 2 and 3 ). There were significantly more black-backed woodpeckers in 80-year-old forest stands compared to either of the younger age classes (Table 3 ; H = 27.3, P < 0.001). We recorded only 1 three-toed woodpecker during the 4 years. Downy woodpeckers were the most common species in balsam fir forests, and we recorded a similar number among stand age classes in 1991-92 (P = 0.309), and in 1993-94 (Table 3 ; P = 0.412). Hairy woodpeckers were also uncommon, with 7 sightings during 1993-94, none of which were in the 80-year-old stands. However, we found no significant difference in numbers of hairy woodpeckers among stand age classes (Table 3 ; P = 0.324).
Of the habitat variables (Table 1) Hutto (1995) concluded that the small numbers of black-backed woodpeckers in unburned forests in Montana may have occupied sink habitats, and that these populations were maintained by birds emigrating from burns when conditions became less suitable 5-6 years after a fire. In that study, black-backed woodpecker populations may have been maintained either by refuges of low numbers in unburned forests, or a patchwork of recently burned areas. In western Newfoundland, where insect defoliation replaces fire as the primary cause of stand mortality, endemic populations of black-backed woodpeckers may respond to an increase in wood-boring insect abundance in recently defoliated stands. Dead trees provide a suitable substrate for wood-boring insects up to 5 years after defoliation (Warren 1989), and weakened trees may persist several years longer. Our analyses suggested that snags related to occurrence of black-backed woodpeckers were large (>20 cm) and probably afforded more suitable nesting and foraging substrates than would smaller trees. Black-backed woodpecker occurrence was also related to a lower number of snags in old stands compared to the higher number of snags in younger stands, suggesting it is the quality, not the number of snags, that is important. Angelstam and Mikusinski (1994) also suggested that large snags are important to certain woodpecker species. Within the last century, balsam fir forests in Newfoundland have experienced at least 8 insect defoliations of epidemic proportions that affected hundreds of thousands of hectares. Yearly endemic, localized insect defoliation events that occur throughout the balsam fir forest maintain a mosaic of 100s of hectares in various stages of morbidity (A. Carroll, Canadian Forest Service, personal communication), after which areas of dead and dying trees provide suitable substrate for wood-boring insect larvae. The endemic defoliation events likely provide habitat that supports small populations of black-backed woodpeckers between severe outbreaks. Therefore, we believe that the quality of the old-growth balsam fir forest habitat to black-backed woodpeckers varies among years, depending on the level of attack by insects.
Our stand age classes differed structurally from each other, and several stand characteristics were related to use by individual woodpecker species. Use of younger mature stands by downy and hairy woodpeckers was affected by the higher densities of white birch snags in these stands than in older stands. On our study area, white birch often becomes established in forests following harvesting, but dies out once the dominant balsam fir reaches maturity and shades the birches ( 
MANAGEMENT IMPLICATIONS
Black-backed woodpeckers are found consistently in the oldest conifer forest types, except when recently burned areas are available. In western Newfoundland, their unique occurrence in old forests probably reflects availability of large cavity trees that were only available in these late successional stands. Setterington (1997) reported that nest sites were in large snags located in relatively open areas. Such areas were typical of sites resulting from small insect defoliation outbreaks or blowdowns typical of old balsam fir forests. Under a short-rotation management regime, such habitat would become even more rare than at present, especially in intensively managed, pre-commercially thinned forests. Although costly, it may be possible to mimic small endemic insect infestation in pre-commercially thinned, second-growth forests by killing small numbers of trees by girdling (at least 100 stems/ha, or about 4-5% of the trees in a stand), when the stand reached 50 years of age, to provide sources of food and nesting substrates for black-backed woodpeckers. Further, maintaining white birch trees in managed stands rather than eliminating them, as is the current practice during thinning operations, would support future populations of hairy and downy woodpeckers when these forests grow to maturity.
While it is difficult to provide an operational definition of a snag because it may be variable for each woodpecker species (Carey 1983), there is sufficient information to suggest that forest managers should focus on landscape and stand features that affect woodpecker populations and distribution, rather than on requirements for minimum viable populations ( 
